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Abstract
A thin film silver/titanium microheater with a four-point probe, double spiral geometry for MEMS applications was fabricated on 
a silica glass substrate. The active area of the microheater is 36×36 ȝP2. The temperature coefficient of resistance (TCR) of the 
sputtered Ti thin film resistor is 4.2×10-3 /K. The average temperature of the microheater was extracted using the determined 
TCR. The result shows that an operating temperature of 333 K can be acKLHYHGZLWKDPHUHȝ$WKDWFRPHVGRZQWRDSRZHU
dissipation of 210 nW.
© 2009 Published by Elsevier Ltd.
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Microheaters are widely investigated because of their low power consumption and cost-effective manufacturing, 
providing extensive applications in gas sensors and material characterizations [1]. Various suspended dielectric 
membrane structures have been designed to improve the performances of microheaters. Dielectric membranes do 
assure good heat confinement and low power consumption, but with the sacrifices of fabrication yield and 
mechanical stability. For microheaters utilized in the research of food kinetics [2], cell cultivation, polymer-based 
chemical sensors [3] etc., the operating temperature is kept in the range between room temperature and sub 100°C. 
Uniform thermal distribution and precise temperature control are required at micrometer scale.
In this paper, a Ag/Ti microheater was designed and fabricated on a glass substrate, operating with ultralow 
power consumption. It was optimized for uniform thermal profile and accurate temperature extraction. No dedicated 
membrane structures are required.
2. Design and fabrication
To accurately extract the microheater operating temperature and to ensure the best heat uniformity over the active 
area [4, 5], a four-point probe, double spiral heater geometry was designed as shown in Fig. 1(a). Two pairs of 
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contact pads are available. The pair connected to the outer part of the microheater is used to supply Joule heating 
current. The other pair connected to the inner part of the microheater allows to sense the voltage drop on the active 
area. Moreover, it can be used to extract the operating temperature of the microheater. The commonly used 
temperature extraction method consists in a separate temperature sensing element close to the heating resistor. There 
is an extraction error caused by the temperature difference between the sensing and heating elements. The four-point 
probe configuration can avoid this error. The active area of the microheater is 36×36 ȝP 2, with the width of the 
GRXEOHVSLUDOVWUXFWXUHȝPDQGWKHSLWFKEHWZHHQVSLUDODUPVȝPSURYLGLQJEHWWHUXQLIRUPWKHUPDOGLVWULEXWLRQ
than simple meandered microheater geometries.         
The fabrication process is illustrated in Fig. 1(b): 
x $ VLOLFD JODVV VXEVWUDWH ZLWK WKH WKLFNQHVV RI  ȝP ZDV XVHG ZLWK LWV ORZ WKHUPDO FRQGXFWLYLW\ DQG KLJK
electrical resistivity, to provide good heat confinement and low power consumption. It was cleaned by acetone, 
isopropyl alcohol (IPA) and deionized water (DI water). 
x LOR-10B from Microchem and Shipley S1818 from MICROPOSIT were sequentially spin-coated and prebaked 
on the glass substrate. UV lithography was used to pattern this double photoresist layer and transfer the structures 
from mask #1 (Fig. 1(b) i-ii).
x A 110 nm thick Ti layer and a 190 nm thick Ag layer were sequentially deposited. Argon ambient at 2.0×10-3 torr 
and low RF power were used for sputtering deposition to minimize thin film built-in stress. Layer thicknesses 
were measured using Dektak 3030 surface profiler (Fig. 1(b) iii-iv).
x Lift-off of the double metal layer and strip-off the photoresist were done in ultrasonic bath. A second photoresist 
layer was spin-coated and patterned according to mask #2. The Ti coil in the desired area was exposed using Ag 
etchant with the predefined photoresist layer as etching mask (Fig. 1(b) v-vi).
The Ti layer acts as the resistor and provides adhesion between Ag and glass substrate, while the Ag layer serves 
as the low ohmic interconnect to the bonding pads. As listed in Table 1, the electrical resistivity of Ag is much 
smaller than that of Ti, ensuring the interconnect and bonding pads only contribute ignorable part of the total 
resistance. The thermal conductance of Ag is 20 times higher than that of Ti, ensuring the bulk of the heating is 
confined to the Ti resistor. The difference of thermal expansion coefficient between Ag and Ti is minimal,
maintaining the integrability of the microheater under the shear stress generated during heating and cooling thermal 
cycles. This fabrication process requires only two masks, and provides a higher reliability and yield in comparison 
to the realization of microheaters fabricated on dielectric membranes.
Fig. 1. (a) SEM photo of the microheater. (b) Schematic diagram of the microheater fabrication process.
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Table 1. Material properties at 300 K [6].
Electrical resistvity Thermal expansion coefficient Thermal conductance
Ti ȍÂP PÂPíÂ.í :ÂPíÂ.í
Ag QȍÂP PÂPíÂ.í :ÂPíÂ.í
Silica glass >1018 ȍÂP PÂPíÂ.í :ÂPíÂ.í
3. Characterization and discussion
A calibration was carried out to achieve temperature extraction. In the desired temperature range, the temperature 
dependence of resistance can be approximated by a linear formula,
R(T)=R(T0Į7-T0))                                                                                                                                           (1)
Where R(T) and R(T0) are the microheater resistances at temperature T and T0, respectively. T0 is the room 
WHPSHUDWXUH DQG Į LV WKH temperature coefficient of resistance. To perform the calibration, the microheater was 
mounted on a DIP-40 package. Then this assembly was placed on a CAT MCS66 hotplate. The hotplate temperature 
was increased gradually to reach thermal equilibrium. The temperature of this assembly was monitored by a Pt 
thermocouple. The resistance of the microheater was measured using a four probe method with an HP 34401A 
multimeter. From the acquired data in Fig. 2 (a), the TCR of the Ti thin film is 4.2×10-3 /K, which appears to be 1.4 
times higher than the bulk value [7], owing to different structure and residual stress induced in the metal sputtering 
deposition process.
The power supply of the microheater was provided by an Adret electronique 103A DC current source, and the 
corresponding voltage was measured by the HP 34401A multimeter. Measured resistance changes are depicted in 
Fig. 2 (b). Fig. 3 (a) indicates the dissipated power on the microheater to obtain a desired temperature. The power 
consumption is in the range of several hundred nWs, where the temperature is extracted using Eq. (1). In another 
experiment, the microheater was connected to a high power source and heated up to failure. The burnt pattern of the 
Ti resistor is shown in Fig. 3 (b), which matches the finite element analysis simulation result. For the simulation 
COMSOL Electro-Thermal Interaction mode was applied. Initial temperature of the entire system was set to be at 
room temperature, boundary conditions were considered as being surrounded by air ambient at room temperature. 
Heating of the microheater was simulated by Joule heating, and cooling was assumed mainly by convection and 
conduction. 
                    
Fig. 2. (a) Temperature dependence of resistance of the microheater. Lower right corner shows the microheater mounted in a ceramic package. 
(b)  Resistance variations as a function of supplied currents. The linear operating range of the microheater is between 0-ȝ$
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Fig. 3. (a) Power consumption of the microheater. The extra conduction loss via substrate causes the saturation of the temperature profile. (b) The 
microheater after heating up to failure. Upper right corner is the simulated heat profile.
4. Conclusion
A Ag/Ti based microheater was designed, fabricated and characterized. With the usage of a silica glass substrate, 
the fabrication process is suspended dielectric membrane free, and provides a higher reliability and yield. The 
temperature of the active area was extracted with the determined temperature coefficient of resistance. With ultralow 
power consumption in the range of few hundred nanoWatts, an operating temperature of 60°C can be achieved. This 
microheater can be utilized in biochemical researches where a precisely controlled temperature below 100°C is 
normally required.
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